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ABSTRACT 
 
 The term “home range” refers to the area in which an animal spends most of its time 
during everyday activities. This study examined the effects of four different home range 
estimation techniques on the proportions of habitats located therein. The study utilized a point 
dataset collected for twenty individual Florida Black Bears (Ursus americanus floridanus), 
occurring in five different areas throughout the state of Florida. Each dataset was used to create 
home ranges using the following techniques: (1) Minimum Convex Polygon, (2) Kernel Density 
Estimation, (3) Characteristic Hull Polygon, and (4) Time-Geographic Density Estimation, a new 
home range estimator which has not been thoroughly tested prior to this study. A dataset of land 
cover types was clipped with each home range and the areas of habitats were recalculated. The 
proportion of each land cover type was evaluated and the results compared first within each 
dataset, then between all datasets used. Repeated measures analysis of variance (ANOVA) was 
used to determine whether the four home range estimation techniques produced significantly 
different areas and proportions of each habitat type. These results were then evaluated to 
determine whether the method of home range estimation has an effect on which land cover types 
are most utilized by a species and, therefore, which habitats are considered preferable. While the 
choice of home range estimation did not have an effect on which habitats were determined to be 
most frequently visited, it did affect the amount of each habitat found within each home range. 
Furthermore, there was a statistically significant change in the amount of developed areas, 
specifically between the characteristic hull polygon and kernel density estimation methods. 
vi 
 
These results suggest the choice of home range estimator affects habitat analysis and that 
researchers should use the method best suited for the dataset.
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CHAPTER 1: 
INTRODUCTION 
 
 An animal’s “home range” was first defined as the “area traversed by the individual in its 
normal activities of food gathering, mating, and caring for young” and is differentiated from the 
term “territory” which refers to the area that is defended by the individual (Burt 1943). The home 
range is derived from an individual’s utilization distribution (UD) which refers to “the 
distribution of the animal’s position in the plane” (Worton 1989). There are many reasons to 
define a home range including the study of size, shape, and overlap with other home ranges 
(Richard et al. 2014), estimating carrying capacity (Ryan and Jamieson 1998), analyzing 
seasonal changes (Braham et al. 2015) and, as in the case of this study, determining the resources 
contained therein (Bowden et al. 2015). 
The relationship between home ranges and habitat is not a new subject of study. Indeed, 
much research has been conducted on home range characteristics and the related habitat within 
it. Studies have used home ranges overlaid on habitat layers in order to determine the types of 
habitat within them (Sprent and Nicol 2012). Others have investigated the differences in home 
range estimators with regard to size and effectiveness (Cumming et al. 2012, Gula and 
Theuerkauf 2013, Scull et al. 2012). More recent studies have determined that habitat richness 
within the home range can be a determining factor on the size of that home range (Lovari et al. 
2013). Home ranges have also been used to investigate habitat selection at different scales (Gine 
et al. 2015) and resource utilization related to home range overlap (Savagian et al. 2014).
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 While home ranges have been studied with regard to size and shape changes between the 
various estimation techniques, as well as the habitat types within them, little research has been 
conducted on the relationship between the changes in home range size and shape and the effect 
those changes have on the proportions of habitat types therein. This study utilizes the already 
trusted techniques of home range estimation to determine how the choice of estimator changes 
habitat proportion and seeks to determine whether these changes can affect habitat studies. This 
study investigated the following research questions: (1) What effect do the various home range 
estimation techniques have on the areas of habitat types within each home range? (2) What effect 
do these techniques have on the proportion of those habitat types to the overall home range? 
 The study is organized as follows. The literature review in Chapter 2 includes 
background information on home ranges and a brief description the various home range 
techniques to be investigated in this study. Chapter 3 includes a discussion about the data 
collected and why each particular dataset was chosen for this study. Chapter 4 details the 
methods that were used. The results are presented in Chapter 5, followed by a discussion of the 
results in Chapter 6. Finally, the conclusions from this study are included in Chapter 7.
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CHAPTER 2: 
LITERATURE REVIEW 
 
Overview of Home Range Estimation Techniques 
 Home ranges are areas in which animals live and travel during normal activities such as 
mating or foraging. The concept of a home range is sometimes confused with the concept of a 
territory. The term “territory” could refer to any area that is protected by an animal, be it the 
entire home range or one particular area of interest. The home range, on the other hand, 
encompasses the area in which the animal spends its normal everyday activities (Burt 1943). An 
animal may frequently spend some of its time exploring outside of this normal home range area. 
Therefore, when determining home range estimations based on known locations, it is important 
to remove outliers and consider only the area occupied most frequently by that animal.  
Point observations are often gathered from tracking data which can include both spatial 
data (coordinates) and temporal data (timestamps). Temporal tracking data vary greatly in their 
frequency. Depending on the devices used and the rate of speed of the individual being tracked, 
points may be taken seconds to days between one another. Some home ranges, such as those 
estimated by the minimum convex polygon (MCP) and characteristic hull polygon (CHP) 
methods, are delineated directly from these point observations. Other home ranges, such as the 
kernel density estimation (KDE) and time-geographic density estimation (TGDE) methods, are 
derived from an individual’s UD. The UD is described as “the distribution of an 
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animal’s position in the plane” and is derived from the point datasets using kernel methods 
(Worton 1989).  
Specifically, the home range includes the area in which the animal spends 95% of its 
time. The core area is the smallest area in which the individual spends 50% of its time. These 
areas are delineated using isopleth contours. An isopleth is a type of contour that is represented 
by lines connecting points of the same value which have been calculated over an area. Kernels 
are probabilistic functions which are applied to each point and added to give a density estimation 
which assigns values over an area based on the estimated density over that area, with larger 
values assigned to areas with a greater estimated density. The value under which 95% of these 
calculated values fall is used to make the isopleths from which the home range is delineated. The 
core area is delineated from the isopleth representing the value under which 50% of the 
calculated values fall (Van Winkle 1975, Anderson 1982). 
 
Methods of Point Data Collection 
 Methods for collection of these tracking data vary greatly in technology and accuracy. 
The simplest form of tracking data collection is visual observation. This method involves one or 
more observers taking note of where and when a species of interest has been observed. This 
method tends to be highly inaccurate in that observations can be generalized to the visual extents 
of a single observation point, such as wildlife observations collected for hazard assessments at 
airports (Federal Aviation Administration n.d.). However, visual observations can be a useful 
means of data collection when studying large groups or when observations of behaviors are also 
of concern (Savagian et al. 2014) and can be used in conjunction with other tracking methods 
(Ogden et al. 1983). 
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 Another method that requires an observer for collection of data points, but for which a 
visual observation is not necessary is radio telemetry. This method requires a transmitter to be 
placed on the animal to be studied. The transmitter sends pulses of a certain frequency that can 
be picked up by the observer using a specialized antenna and receiver. Several bearings are taken 
until the location of the animal can be determined (Cochran and Lord 1963). This method is 
useful for nocturnal work, during which visual observations are not possible. One such study 
occurred in 2011, in which one researcher used radio telemetry to track the nocturnal movements 
of nesting female ornate box turtles (Terrapene ornate), in order to determine possible nesting 
locations (Tucker et al. 2014). With proper planning, the equipment used for this method can be 
specifically chosen depending on the type of study, the species, the length of the study and the 
size of the individual (Újvári and Korsós 2000). 
 Argos, a satellite telemetry system, is similar to radio telemetry in that transmissions sent 
out by transmitters attached to the animal are used to collect information to determine an 
animal’s location. However, these transmissions are collected by satellites rather than an 
observer with an antenna and receiver on the ground. The Argos data is then delivered 
electronically to the researcher for processing. 
Satellites are also used for the more well-known method of GPS tracking, in which GPS 
points are taken at specified intervals from a unit attached to the animal. These methods have 
been tested for similarity and accuracy when used to determine the successful foraging areas of 
elephant seals (Dragon et al. 2012). 
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Methods of Point Data Analysis 
 Methods for point data analysis fall into one of three groups: polygonal (hull), statistical, 
and trajectory-based. The polygonal, or hull, method creates a polygon around the set of points. 
This is the method employed by the MCP (Mohr 1947) and CHP (Downs and Horner 2009). For 
the statistical method, the points are considered to be independent events to which probabilistic 
functions are applied to create a density surface and resulting isopleth, such as in the KDE 
analysis (Worton 1989). The trajectory-based method takes into account locations of points 
relative to one another chronologically in order to track a moving object, producing another 
density surface from which isopleths are then calculated. The TGDE (Downs et al. 2011) is an 
example of this trajectory-based method. The MCP and KDE have been popular methods of 
home range estimation for many years, whereas the CHP and TGDE methods are relatively new 
and have not been investigated to the same degree as the MCP and KDE. These four methods 
were chosen for this study in order to investigate all of the three aforementioned analytical 
methods and provide further insights into some of the newer home range estimation techniques. 
 
Minimum Convex Polygon (MCP) 
 The most basic estimation technique used for this study is the minimum convex polygon 
(MCP) (Mohr 1947). As the name suggests, this home range is defined as the area contained 
within a group of points when the exterior points are connected to form a convex polygon 
(Figure 1). As the simplest method, it is the easiest to understand and implement. However, it 
does have some limitations. One major limitation involves the tendency of the MCP to include 
areas that are not utilized by the animal at all, such as a terrestrial animal with a home range 
extending into a large water source (White and Garrot 1990). Some studies have suggested that 
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its simplicity makes it a good starting point for comparison with other techniques (Barg et al. 
2005) or as a home range size comparison between individuals (Jurczyszyn 2006). However, 
recent research suggests that this method has a tendency to overestimate home ranges by 
including areas not frequently visited by the species (Franzreb 2006) and disregarding landscape 
features, such as rivers and physical barriers, such as fences and walls (Scull et al. 2012). 
 
Figure 1: Minimum Convex Polygon 
 
Kernel Density Estimation (KDE) 
 For such instances where a polygon method of home range estimations is inappropriate, 
the kernel-density estimation (KDE) was developed as a probabilistic modelling approach 
(Worton 1989). This estimation produces a probability surface to determine the areas that are 
likely frequented by that individual. Kernels, probabilistic functions fitted to each point, provide 
the values for a smooth density surface. Calculated values from this surface are used to create the 
isopleth contours used for home range and core area delineations (Figure 2). Generally, the 95% 
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contour is considered the entire home range and the 50% contour is considered the core area. The 
areas visited outside of the 95% contour may be considered exploratory in nature (Burt 1943).  
Bandwidth for the KDE is generally chosen by either least-squares cross-validation 
(LSCV), plug-in (PI), solve the equation (STE) or likelihood cross-validation (LCV) methods 
(Gitzen et al. 2006, Horne and Garton 2006). The LSCV method determined bandwidth by 
reducing the squares of the errors between estimated and actual distributions and has been 
determined to be more appropriate for large sample sizes. The LCV method minimizes the 
Kullback-Leiber distance between these values and is considered more appropriate for datasets 
with smaller (<50) sample sizes and when finding areas of high utilization, rather than the full 
extent of the home range (Gitzen et al. 2006, Horne and Garton, 2006). The bandwidth is the 
extent to which values are grouped to determine how they are grouped in the density estimation. 
For example, in a spatial dataset, for the values of 1, 3 and 7, if assigned a bandwidth of 4, the 
values of 1 and 3 would be grouped in the first band (0 – 4) and the value of 7 would be in its 
own band (4 – 8). If the bandwidth is reduced to 2, each would be in a separate band, with 1 
falling between 0 and 2, 3 falling between 2 and 4, and 7 falling between 6 and 8. The choice of 
bandwidth will affect the smoothness of the distribution. Choosing too small a bandwidth will 
separate values into too many bands, nullifying any trend in the distribution. A bandwidth that is 
too large will cause too much smoothing, again losing any trends in distribution.  
The KDE method of home range estimation removes the limitation of the convex 
polygon containing unused areas. However, it has been shown to generate large spaces in the 
interior of the home range (Getz and Wilmers 2004) and overestimate home ranges, regardless of 
the method by which the bandwidth was chosen (Blundell et al. 2001, Downs and Horner 2008). 
Furthermore, the KDE method evaluates the presence points as stationary, independent events 
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which is not appropriate when evaluating animal tracking data, in which points are sequential 
(Downs 2008). The KDE method has been used to estimate home ranges for a variety of species 
including sea otters (Enhydra lutris) (Tarjan and Tinker 2016), various species of wrens 
(Warning and Benedict 2015), bog turtles (Glyptemys muhlenbergii) (Smith and Cherry 2016) 
and even ground pangolins (Smutsia temminckii) (Pietersen et al. 2014). 
 
Figure 2: Kernel Density Estimation 
 
Characteristic Hull Polygon (CHP) 
 In response to the disadvantages of the MCP and KDE methods of home range 
estimation, the characteristic hull polygon (CHP) was developed. This method represents a new 
type of polygon-based method that utilizes Delaunay triangulation (DT). A percentage of the 
larger triangles as measured by perimeter (5% used by Downs and Horner and for this study), are 
removed and the remaining polygons are considered the estimated home range (Figure 3). Unlike 
the MCP, for which all edges of the polygon are convex, the CHP allows for concavity and 
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holes. This eliminates the limitation of the polygon containing unused areas without the added 
limitation of overestimating the home range. In fact, it was discovered that the CHP, when 
compared to MCP and several different KDE methods, greatly reduced the amount of seemingly 
unused areas. While the previous methods included limitations that would overestimate the home 
range, the main limitation of the CHP is the tendency for the home range to be slightly 
underestimated (Downs and Horner 2009). This method is relatively new and hasn’t been 
extensively studied. However, it has been utilized for investigating home range size in southern 
boobooks (Ninox novaeseelandiae) (Olsen et al. 2011). 
 
Figure 3: Characteristic Hull Polygon 
 
Time-Geographic Density Estimation (TGDE) 
 One thing that the previous methods have in common is the lack consideration for the 
species mobility component. In other words, they delineate these home ranges using stationary 
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points, without taking into consideration the movement of the animal through time. The time-
geographic density estimation method (TGDE) incorporates time geography into the home range 
estimation. Similar to the KDE, contours created from a density surface are utilized to determine 
the home range (95%) and core areas (50%) (Figure 4). However, rather than being arbitrarily 
chosen, the smoothing is specified based on the calculated velocity of the animal. As previously 
discussed, the KDE method of home range estimation involves applying kernels to each 
individual point. However, points with temporal data can be related to each other, rather than 
treated as individual events. Rather than approaching the points as random, they are viewed as a 
continuous set of points along a “space-time path.” Where the KDE method applied kernel 
functions to each individual point, the TGDE method applies a distance-weighted geoellipse 
function to each pair of consecutive points along this space-time path. Locations on the surface 
are evaluated based on this geoellipse with those locations closer to the edge of the geoellipse 
being assigned the lowest intensities. Locations exceeding the farthest possible distance based on 
the user-defined maximum velocity are assigned no intensity. The aforementioned isopleth 
methods are then applied to the surface to delineate home ranges and core areas. (Downs et al. 
2011). 
 
12 
 
 
Figure 4: Time-Geographic Density Estimation 
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CHAPTER 3: 
DATA SOURCES 
 
Tracking Data 
Florida Black Bears are the only bears that reside in Florida. Adult females average 
around 170 pounds, whereas adult males average 270 pounds or more (Schaefer and Sargent 
2001). The large size and terrestrial nature of this species makes them a good candidate for this 
type of study as it is expected that points were recorded while the animal was in its actual habitat 
and not taken during a flight over an unutilized habitat, for example. Male and female black 
bears also exhibit differences in home range size, with home ranges being significantly larger for 
males when calculated using the MCP method. Additionally, home range size has been shown to 
change seasonally, increasing from winter through fall, when foraging activity peaks (Wooding 
and Hardisky 1994). 
 In choosing the datasets for this study, three main qualities were taken into consideration: 
1) the reliability of the source; 2) the compatibility of the point dataset with the habitat layer; and 
3) the physical locations of the point sets. With these qualities in mind, a tracking dataset for the 
Florida Black Bear (Ursus americanus floridanus) was collected from the Florida Fish and 
Wildlife Conservation Commission (FWC).  
 With regard to source reliability, it was necessary to choose sources that had a reputation 
for delivering quality data in the categories in question. It is widely recognized that the 
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FWC is the leading authority for information pertaining to any animal species living in Florida. 
Furthermore, the Florida Black Bear dataset was compiled and published at the Fish and Wildlife 
Research Institute (FWRI) and contains a wealth of metadata describing how the points were 
collected and tested for accuracy. 
When assessing the physical location of the point sets, the main concern was that several 
different sections of Florida would be represented in this study. This would give a more thorough 
examination into the effects studied as it would eliminate any biases from variables such as 
temperature, elevation, or proximity to the coast. The points chosen from this dataset were 
collected in five different locations, each in different areas around the state (Figure 5). Therefore, 
this dataset was thought to best represent the various areas of Florida. 
 
Land Cover Data 
The United States Department of Agriculture (USDA) 2011 land cover dataset for the 
state of Florida was retrieved from the Natural Resource Conservation Service (NRCS) 
Geospatial Data Gateway (https://gdg.sc.egov.usda.gov). Additionally, a 1992 land cover dataset 
was collected from the United States Geological Survey (USGS) Land Cover Institute (LCI) 
(http://landcover.usgs.gov/natllandcover.php). The rationale for selecting these datasets based on 
each of the aforementioned qualities is that some data points were collected nearly 30 years prior 
to the 2011 land cover dataset. Additional information is provided below, followed by a brief 
discussion regarding the selection of specific points from the point dataset. The NRCS 
Geospatial Data Gateway and USGS are also well-known sources of environmental data with 
extensive metadata documenting level of accuracy and currency. 
15 
 
	
Figure 5: Florida Black Bear Point Data Distribution throughout the State of Florida 
Source: FWC Fish and Wildlife Research Institute 
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 When considering the compatibility of the two datasets, the coordinate system and 
projection used were the main concern. Both used North American Datum 1983 (NAD83) as the 
coordinate system. The point dataset was projected in Albers Equal Area while the land cover 
layer was projected in Universal Transverse Mercator Zone 17 North (UTM 17N). The two 
datasets are compatible without alteration, which was expected since both had the entire state of 
Florida as a study area. 
 
Data Manipulation 
 The original point dataset included points taken as early as 1983. The land use dataset is 
current as of 2011. With the rapid development throughout the state, it would not be pertinent to 
compare points and land use separated by nearly three decades. Additionally, the original points 
were spread throughout a large area of the state and some individuals had very few points. The 
desire was to choose those individuals with a substantial number of current points and with 
concentrations in distinct areas of the state. The original points were summarized and the top 20 
individuals, based on the number of points, were selected (Table 1). From this selection, any 
points collected prior to the year 1990 were removed. The resulting point dataset includes 
concentrations of points in five distinct areas of the state ranging from the panhandle to the 
southwestern portion of the state. 
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Table 1: Point Data Summary. 
 
Bear ID Number of Points Date Ranges Region 
8 245 11/13/1993 – 12/26/1995 Wekiva 
9 108 11/23/1993 – 12/29/1994 Wekiva 
10 232 11/23/1993 – 12/22/1995 Wekiva 
11 138 11/24/1993 – 06/29/1995 Wekiva 
12 212 11/24/1993 – 12/22/1995 Wekiva 
104A1 61 11/19/1997 – 06/14/1999 Chassahowitzka 
104B 158 05/18/2000 – 07/31/2002 Chassahowitzka 
108 232 05/27/1998 – 05/18/2003 Chassahowitzka 
205 371 07/06/1996 – 12/02/1999 Pinhook Swamp 
206 273 07/05/1996 – 07/22/1999 Pinhook Swamp 
211 386 07/05/1996 – 12/20/1999 Pinhook Swamp 
224 372 07/24/1996 – 12/20/1999 Pinhook Swamp 
226 333 08/01/1996 – 12/28/1999 Pinhook Swamp 
232 317 08/17/1996 – 12/28/1999 Pinhook Swamp 
234 362 08/27/1996 – 12/20/1999 Pinhook Swamp 
246 242 08/08/1997 – 12/20/1999 Pinhook Swamp 
248 257 06/17/1997 – 12/20/1999 Pinhook Swamp 
B001 303 11/07/1994 – 12/10/1997 Eglin AFB 
B013 212 01/21/1995 – 08/13/1997 Eglin AFB 
F02 358 07/01/1991 – 01/06/1997 South Florida 
F05 289 09/23/1991 – 12/09/1996 South Florida 
 
1: Bear ID 104 separated into two individuals due to large time gap. 
 
 
 The high resolution of the land cover layer was a concern due to the high processing time 
and storage use. Since the points were now concentrated in five core areas, the land cover layer 
was converted from raster to vector (polygon) format and clipped to only contain the 
representative areas. This left a more useable layer that contains all the necessary data without 
sacrificing resolution. 
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 In order to ensure no recent developments occurred between the time the earliest points 
were taken and the collection of the land cover data, an additional land cover layer was collected 
from the USGS containing data for the southeastern region of North America in 1992. This layer 
was analyzed in conjunction with the 2011 layer to determine any areas that may have incurred 
new development during that time. Since the USGS layer utilized the Anderson land use land 
cover classification system, and the USDA layer used the more recent National Land Cover 
Dataset (NLCD) classification system, it was necessary to reclassify the raster prior to analysis. 
Cover types from the 1992 dataset that did not correspond to the 2011 dataset were reclassified 
and sometimes grouped according to similarities described by the USGS LCI 
(http://landcover.usgs.gov/classes.php) in order for the rasters to be compatible (Table 2). 
Urban/Recreational Grasses was described as being a subdivision of Herbaceous or 
Planted/Cultivated, which included the classifications of Grassland/Herbaceous, Pasture/Hay and 
Cultivated Crops. Preliminary investigations into the areas of this study indicated that areas of 
Urban/Recreational Grasses from 1992 correlated most frequently with areas described as 
Developed Open Area in 2011. Those that were not described as Developed Open Area were 
classified as Pasture/Hay. This classification was chosen on the presumption that any changes to 
the classification of these areas would be from the lesser to the greater level of development. 
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Table 2: Land Cover Reclassification 
 
USGS 1992  
(Anderson 1976 Classification System) 
USDS 2011 
(NLCD Classification System) 
0 – Unclassified 1 – Unclassified1 
25 – LULC Residential 24 – Developed, High Intensity 
26 – NLCD/LULC Forested Residential 
32 – Quarried/Strip Mines/Gravel Pits 31 – Barren Land 
33 – Transitional 
61 – Orchards/Vineyards/Other 
82 – Cultivated Crops 62 – LULC Orchards/Vineyards/Other 
83 – Small Crops 
84 – Fallow 
85 – Urban/Recreational Grasses 81 – Hay/Pasture 
91 – Woody Wetlands 90 – Woody Wetlands 
92 – Emergent Herbaceous Wetlands 95 – Emergent Herbaceous Wetlands 
 
1: Reclassified to prevent division by zero. 
 
Land Cover Verification 
 The reclassified USGS 1992 land cover raster was analyzed in conjunction with the 2011 
NRCS land cover raster using the “divide” tool in ArcGIS. In the resulting raster, any cells with 
a value of one (the result of two identical values divided by each other) were considered areas of 
no change. The remaining values were reclassified to a value of zero. This raster was converted 
to polygons and any areas with a zero value were exported. This exported layer was used to clip 
the land cover layer to isolate any areas of land use that were considered different between 1992 
and 2011. From this new layer, any land uses considered anthropogenic (residential, crops, etc.) 
were exported.  
 The new layer containing areas of development which were different between the two 
years was added to Google Earth for aerial photo analysis (Figure 6). Historical aerial photos for 
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the areas in question were compared to find any newly developed areas that might have been 
present during collection of the land cover data but not present at the time of the collection of the 
Florida Black Bear telemetry points. Most anomalies were the result of the new land cover layer 
picking up fire breaks and service roads through natural areas and calling them out as “open 
land.” These roads were present in the historical aerial photos as well, but were considered the 
same land cover as the surrounding areas. Other anomalies were minimal, and included such 
differences as pastures versus crops. Given the lack of newly developed areas within each home 
range, it was determined that the 2011 land cover data was appropriate to use for analysis with 
all home ranges in this study. 
 
 
Figure 6: Example of Unmatched Developed Area Check (Accessed April 15, 2016) 
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Land Cover and Habitat 
As this is a habitat study but the available data included land cover, it was necessary to 
reclassify the land cover types into appropriate habitat types. Generally, the preferred habitat for 
Florida Black Bears includes forested areas, especially dense swamps (Shaefer and Sargent 
2001) and pine flatwoods with secondary habitats including sand pine scrub (Wooding and 
Hardisky 1994, Stratman et al. 2001). The land cover types identified within each home range 
were grouped, when necessary, and placed into six habitat categories including the three habitats 
shown in previous studies to be preferable for the species, grasslands, developed areas and open 
water. Pine flatwoods is a specific habitat type that could fall within several land cover types. 
Therefore, this habitat classification was described simply as “Forests”. The land cover types and 
their corresponding habitat classifications are represented in Table 3.  
 
Table 3: Land Cover Types and Corresponding Habitat Classifications 
 
Land Cover Type Habitat Classification 
Emergent Herbaceous Wetlands 
Swamps 
Woody Wetlands 
Deciduous Forest 
Forests Evergreen Forest 
Mixed Forest 
Shrub/Scrub Sand Pine Scrub 
Herbaceous Grassland 
Developed, Open Space 
Developed Areas 
Developed, Low Intensity 
Developed, Medium Intensity 
Developed, High Intensity 
Barren Land 
Hay/Pasture 
Open Water Open Water 
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CHAPTER 4: 
METHODS 
 
Overview 
 The following methods were used to estimate the four home ranges for the 20 individuals 
chosen. These home ranges were then overlaid on the land cover layer to quantify the acreages of 
each land cover type within the home range. Statistical analyses were conducted to determine 
which home range estimation techniques resulted in significant differences in the area and/or 
proportion of each habitat type. 
 
Minimum Convex Polygon (MCP) 
 The MCP for each individual consisted of a polygon that encompassed the smallest area 
containing all of the presence points. This was accomplished using the Minimum Bounding 
Geometry tool within ArcGIS 10.3.1 and specifying “Convex Hull” as the geometry type.  
 
Kernel Density Estimation (KDE) 
For the KDE, a density surface was created using Spatial Ecology’s Geospatial 
Modelling Environment (http://www.spatialecology.com/gme). This tool was chosen over the 
ArcGIS KDE tool for its ability to specify the bandwidth selection technique and create isopleths 
from the raster surface. Bandwidth selection was determined by the least-squares cross validation 
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(LSCV) algorithm and the resolution (cell size) was set to 30 meters. The isopleth tool, also 
within the Geospatial Modelling Environment, was then run on each KDE output, setting the 
quantiles to 0.95 to produce the 95% isopleth. 
 
Characteristic Hull Polygon (CHP) 
The CHP was developed using Delaunay Triangulation. The Create TIN tool within ArcGIS was 
used to create a Triangular Irregular Network (TIN). The TIN Triangles tool, also within ArcGIS 
was then used to create triangles from this TIN surface. The perimeters of all triangles created 
were measured and the largest 5% removed. The remaining triangles were merged to form one 
polygon that was considered the CHP home range estimation.  
 
Time-Geographic Density Estimation (TGDE) 
The TGDE home range was determined using the TGDE tool, a custom tool developed 
by David Lamb and Joni Downs which has not yet been released for public use. This tool 
requires the user to specify a field for velocity, the time units, a field for the date and time, the 
cell size, a cutoff time, the type of kernel (Gaussian, triangular or quartic) and a scale factor.  
Basic geometric techniques were used to determine the distance between each point. 
These distances and the time elapsed between each point were used to calculate the velocities in 
meters per hour. As these calculated velocities indicate the lowest velocity at which the 
individual would have moved to go from one point to another, the velocity for each point was 
multiplied by 1.2 to allow for uncertainty. As the TGDE is a relatively new method and no 
standard factor by which to adjust the velocities has been determined, this number was chosen 
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through a series of trial runs with each point set in which the factor was increased by 0.1 each 
time. Multiplying by 1.2 consistently produced home ranges that appeared neither 
underestimates nor overestimates based on shape and surrounding habitat classifications. For 
each individual, the mean of these adjusted velocities was calculated and applied to all points 
within that dataset and selected as the velocity parameter. 
 The time increments for point collection varied between the five point sources and within 
each individual. The time increments (measured in days) were larger than the largest time unit 
allowable by the tool (hours) and needed to be converted. All time increments in days were 
multiplied by 24 to produce the elapsed time in hours, which was the selected time unit. Each 
point was assigned a time of 12:00 PM which was concatenated onto the date for each point and 
used as the date and time field. The cell size was set to 30 meters to match the associated land 
cover raster. 
The large increments of time between points created some unique challenges, especially 
since the time increments were not consistent and included outliers which caused over 
exaggerations of the home range extents. In order to correct for this, the TGDE tool allows for 
cutoff limits between points. The mean and standard deviation of the time increments for each 
individual were calculated. The mean was then multiplied by two times the standard deviation, a 
standard practice for determining outliers with a 95% confidence interval. The cutoff point for 
each individual was calculated as two standard deviations above the mean. This allowed the 
outlying values to be disregarded from the home range estimation. 
The three kernels available for selection in the tool are Gaussian, triangular and quartic. 
The Gaussian kernel is an unbounded kernel in which the normal distribution curve continues to 
infinity causing too much smoothing. The triangular kernel is bounded but provides too little 
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smoothing. The quartic kernel is also bounded but still estimates the normal distribution and was 
chosen due to its appropriate smoothing for this data set. 
The scaling factor is applied in order to extend the areas in which the individual may 
have travelled. The TGDE tool was designed for use with data points with smaller periods of 
time between them (seconds, minutes and hours). Since the data points were taken days apart, a 
large scale factor (1,000 for each individual) was applied. This allowed for extended home 
ranges which accounted for the uncertainty associated with the large time gaps between points. 
 
Land Cover Utilization 
 Each home range polygon was used to clip the land cover layer over which it occurs. 
Each resulting clipped land cover layer was identified by an individual identifier and the home 
range technique used. The various habitat types were quantified by area and sorted to determine 
the habitat types that occur in the largest proportions. Tables representing the distribution of 
habitat types for all individuals for each home range technique can be found in Chapter 5. 
 
Data Analysis 
 For each individual, the areas of each home range were calculated. After the land cover 
data was clipped using each home range, the areas of each land cover type were recalculated. 
These areas were grouped according to the aforementioned reclassification system and 
summarized by mean and standard deviation. The proportion of habitats within each home range 
were also calculated and summarized. 
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 Repeated measures Analysis of Variance (ANOVA) statistics were used to determine 
whether the changes from one home range to the next were a result of random change or whether 
the changes were significant enough to be caused by the different home ranges. Each individual 
analysis was set up with the four home ranges as four groups, each with an n value of 21, 
corresponding to the 21 individual point sets used. The means and standard deviations were input 
for each habitat type. Analyses were performed both for the areas and proportions of each 
habitat. This resulted in 12 total ANOVA analyses: two for each of the six habitat types. 
Additionally, ANOVA statistics were calculated for the areas of the home ranges themselves to 
determine whether a statistically significant change in area of home range occurs due to the type 
of estimator. The Tukey HSD (Honest Significant Difference) test was applied as a post-hoc 
analysis in conjunction with each ANOVA analysis to specifically determine where any of these 
statistically significant changes had taken place between the groups.
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CHAPTER 5: 
RESULTS 
 
 The areas of the home ranges for all techniques ranged from 4.8 km2 to 760.8 km2 (̅ݔ = 
95.2; SD = 131.8). The CHP method provided the smallest home ranges for almost all 
individuals. Nearly half of the largest home ranges were produced by the TGDE method, with 
the rest supplied equally by the MCP and KDE (Table 4). The different methods produced 
statistically significant sizes (F = 7.8; df = 3; p = 0.002), with pairwise difference tests indicating 
that the CHP method (̅ݔ = 41.9; SD = 42.6) produced home ranges smaller than MCP (̅ݔ = 107.6; 
SD = 109.4) and TGDE (̅ݔ = 136.4; SD = 141.2), while the KDE method (̅ݔ = 94.8; SD = 97.6) 
produced sizes similar to the other methods.  
Table 4: Total Home Range Areas (km2) 
 
Bear ID Home Range Technique
 MCP CHP KDE TGDE 
8 70.42 28.91 38.1 41.1 
9 66.9 36.41 88.92 56.4 
10 9.62 5.6 4.81 8.3 
11 70.92 22.21 31.8 31.7 
12 85.9 57.11 91.92 84.9 
104A 16.1 9.21 24.02 14.3 
104B 47.82 7.61 16.6 17.3 
108 82.9 45.91 91.1 400.12 
205 32.0 15.51 23.3 78.42 
206 43.7 17.51 29.9 148.42 
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Table 4 (Continued) 
211 105.0 40.91 55.9 235.32 
224 39.1 11.11 14.1 44.82 
226 46.1 25.01 69.5 166.52 
232 39.3 24.01 39.1 207.72 
234 93.9 36.41 56.0 224.52 
246 104.8 18.91 38.7 177.12 
248 129.9 30.61 54.4 219.82 
B001 680.2 244.41 760.82 501.7 
B013 218.1 94.2 342.12 81.61 
F02 107.72 49.1 44.21 48.8 
F05 168.72 59.61 75.4 76.1 
Mean 107.6 41.9 94.8 136.4 
S.D. 109.4 42.6 97.6 141.2 
 
1: Smallest home range per individual. 
2: Largest home range per individual. 
 
Calculations of the areas of individual habitat types within each home range ranged from 
0.0 km2 to 328.9 km2 (̅ݔ = 17.9; SD = 38.2) for MCP, 0.0 km2 to 130.8 km2 (̅ݔ = 7.0; SD = 15.7) 
for CHP, 0.0 km2 to 356.0 km2 (̅ݔ = 15.8; SD = 40.7) for KDE and 0.0 km2 to 239.3 km2 (̅ݔ = 
22.7; SD = 38.3) for TGDE (Tables 5 – 8). Differences in habitat areas were significant for 
Grassland (F = 6.3; df = 3; p = 0.004), with pairwise difference tests indicating significance 
between CHP and TGDE. Significant differences were also found between these techniques for 
Forests (F = 5.2; df = 3; p = 0.009) and Sand Pine Scrub (F = 5.5; df = 3; p = 0.007). For 
Swamps, the significant differences in habitat area within the home ranges were similar to the 
results for areas of the home ranges themselves with the CHP resulting in significant differences 
compared to the MCP and TGDE, but with no significant differences determined for the KDE (F 
= 12.8; df = 3; p = 0.000).  
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Table 5: Habitat Type Areas - MCP (km2) 
 
 Habitat Type
Bear ID Developed Areas Grassland 
Open 
Water Forests 
Sand Pine 
Scrub Swamps 
8 6.2 1.4 0.1 24.0 13.4 25.4 
9 10.2 1.0 0.2 18.0 9.3 28.3 
10 0.4 0.1 0.1 5.0 2.0 2.2 
11 10.6 1.8 0.3 19.6 8.3 30.3 
12 5.6 2.4 0.5 28.8 13.9 34.8 
104A 1.7 0.1 1.3 1.3 0.2 11.4 
104B 4.7 0.5 3.0 3.4 1.5 34.7 
108 3.7 1.3 0.1 9.2 5.6 62.9 
205 1.1 1.8 ‒ 13.2 3.9 12.1 
206 1.5 1.4 ‒ 18.8 5.1 16.8 
211 3.8 4.9 ‒ 41.6 12.5 42.2 
224 1.2 1.8 ‒ 7.2 4.1 24.8 
226 1.5 2.1 ‒ 19.5 4.0 18.9 
232 1.4 1.0 ‒ 21.1 2.6 13.2 
234 4.7 5.6 ‒ 40.8 14.9 27.9 
246 5.5 5.7 ‒ 41.5 13.7 38.3 
248 4.4 4.8 ‒ 40.5 15.7 64.4 
B001 68.8 68.3 0.3 328.9 131.5 82.4 
B013 19.6 4.5 0.1 142.9 36.6 14.4 
F02 1.6 0.1 1.1 5.2 0.3 99.4 
F05 38.7 0.8 1.0 0.1 0.4 127.7 
Mean 9.4 5.3 0.4 39.5 14.3 38.7 
S.D. 16.1 14.5 0.7 72.9 28.1 31.9 
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Table 6: Habitat Type Areas - CHP (km2) 
 
 Habitat Type
Bear ID Developed Areas Grassland 
Open 
Water Forests 
Sand Pine 
Scrub Swamps 
8 1.1 0.3 ‒ 10.2 4.6 12.7 
9 3.5 0.6 ‒ 8.6 5.8 18.0 
10 0.2 ‒ ‒ 3.0 0.9 1.6 
11 2.5 0.4 0.1 3.8 1.1 14.2 
12 3.4 2.0 0.2 19.7 10.7 21.0 
104A 1.0 0.1 0.4 1.2 0.1 6.4 
104B 0.6 0.2 ‒ 1.5 0.3 5.0 
108 0.7 1.2 0.1 7.3 4.2 32.4 
205 0.5 1.6 ‒ 5.1 2.1 6.3 
206 0.5 0.2 ‒ 7.9 1.8 7.1 
211 1.2 1.5 ‒ 14.9 4.0 19.3 
224 0.2 0.8 ‒ 0.7 1.3 8.2 
226 0.9 1.3 ‒ 10.9 2.6 9.4 
232 0.7 0.6 ‒ 13.4 1.1 8.3 
234 1.6 2.5 ‒ 13.1 6.4 12.8 
246 0.7 1.7 ‒ 6.6 2.9 7.0 
248 0.8 0.5 ‒ 10.8 2.5 16.0 
B001 16.5 4.3 0.1 130.8 35.4 57.2 
B013 8.6 1.5 0.1 60.9 12.0 11.2 
F02 0.5 ‒ ‒ 1.5 0.2 47.0 
F05 1.3 ‒ 0.8 ‒ ‒ 57.5 
Mean 2.2 1.0 0.1 15.8 4.8 18.0 
S.D. 3.8 1.1 0.2 29.3 7.8 16.6 
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Table 7: Habitat Type Areas - KDE (km2) 
 
 Habitat Type
Bear ID Developed Areas Grassland 
Open 
Water Forests 
Sand Pine 
Scrub Swamps 
8 3.5 0.5 ‒ 12.8 6.1 15.3 
9 16.0 2.0 0.3 20.7 15.3 34.6 
10 0.3 ‒ ‒ 2.3 0.9 1.3 
11 9.7 0.2 0.6 2.5 0.3 18.6 
12 8.3 2.6 0.4 28.8 15.9 35.9 
104A 5.7 0.3 1.0 2.3 0.4 14.3 
104B 3.0 0.4 0.2 2.2 0.6 10.3 
108 8.2 1.6 0.2 13.9 7.2 60.1 
205 0.8 1.8 ‒ 8.6 3.0 9.2 
206 1.1 0.4 ‒ 13.4 3.8 11.2 
211 1.5 1.6 ‒ 19.7 4.4 28.7 
224 0.3 1.3 ‒ 1.1 1.7 9.7 
226 3.4 4.0 ‒ 29.0 11.5 21.5 
232 1.3 1.1 ‒ 20.4 3.0 13.3 
234 2.7 3.5 ‒ 22.1 10.0 17.6 
246 1.4 2.8 ‒ 13.8 5.4 15.3 
248 1.4 0.9 ‒ 18.0 4.8 29.3 
B001 105.1 23.2 7.4 356.0 111.3 157.8 
B013 43.2 7.1 3.3 177.3 43.0 68.3 
F02 0.7 ‒ ‒ 1.4 0.1 41.9 
F05 4.5 0.1 0.9 ‒ ‒ 69.8 
Mean 10.6 2.6 0.7 36.5 11.8 32.6 
S.D. 23.6 5.0 1.7 82.1 24.7 34.7 
  
 
 
 
 
 
32 
 
Table 8: Habitat Type Areas - TGDE (km2) 
 
 Habitat Type
Bear ID Developed Areas Grassland 
Open 
Water Forests 
Sand Pine 
Scrub Swamps 
8 4.8 0.4 ‒ 13.3 6.6 16.0 
9 5.3 1.3 0.2 14.1 10.5 25.0 
10 0.6 ‒ 0.1 4.2 1.6 1.8 
11 7.4 0.1 0.1 4.6 1.2 18.2 
12 8.5 2.6 0.6 30.5 15.8 26.9 
104A 2.4 0.1 0.5 1.3 0.2 9.7 
104B 4.6 0.2 0.4 2.1 0.3 9.7 
108 134.1 4.3 15.8 50.4 18.8 176.8 
205 2.8 2.3 ‒ 32.9 7.7 32.7 
206 5.8 8.1 ‒ 59.5 20.7 54.2 
211 7.8 9.2 ‒ 66.2 25.4 126.7 
224 1.5 3.5 0.1 5.8 5.4 28.5 
226 8.0 5.6 ‒ 68.9 15.6 68.3 
232 8.9 10.6 ‒ 83.5 27.6 77.1 
234 14.6 11.4 0.9 98.9 27.5 71.1 
246 10.4 9.2 0.2 63.3 23.3 70.6 
248 7.4 6.1 ‒ 47.6 20.9 137.7 
B001 58.3 12.6 2.7 239.3 68.9 120.0 
B013 4.8 1.3 0.4 46.7 8.9 19.4 
F02 0.8 ‒ ‒ 2.1 0.2 45.7 
F05 4.5 ‒ 0.1 0.9 ‒ 70.5 
Mean 14.4 4.3 1.0 44.6 14.6 57.5 
S.D. 29.9 4.3 3.4 54.0 15.8 48.2 
 
The proportions of the habitat types within each home range ranged from 0% to 92% (̅ݔ = 
17; SD = 20.4) for MCP, 0% to 96% (̅ݔ = 17; SD = 21.7) for CHP, 0% to 94% (̅ݔ = 17; SD = 
20.1) for KDE and 0% to 94% (̅ݔ = 17; SD = 20.1) for TGDE (Tables 9 – 12). For habitat 
proportions, the only significant difference was related to Developed Areas (F = 5.5; df = 3; p = 
0.008), with pairwise difference tests indicating significance between CHP and KDE.  
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Table 9: Habitat Type Proportions (%) - MCP 
 
 Habitat Type
Bear ID Developed Areas Grassland 
Open 
Water Forests 
Sand Pine 
Scrub Swamps 
8 9 2 ‒ 34 19 36 
9 15 2 ‒ 27 14 42 
10 4 1 1 51 20 23 
11 15 2 ‒ 28 12 43 
12 7 3 1 33 16 40 
104A 11 1 8 8 1 71 
104B 10 1 6 7 3 73 
108 4 2 ‒ 11 7 76 
205 3 6 ‒ 41 12 38 
206 4 3 ‒ 43 12 38 
211 3 5 ‒ 40 12 40 
224 3 5 ‒ 18 11 63 
226 3 5 ‒ 42 9 41 
232 3 3 ‒ 54 7 33 
234 5 6 ‒ 43 16 30 
246 5 5 ‒ 40 13 37 
248 3 4 ‒ 31 12 50 
B001 10 10 ‒ 49 19 12 
B013 9 2 ‒ 65 17 7 
F02 2 ‒ 1 5 ‒ 92 
F05 23 ‒ 1 ‒ ‒ 76 
Mean 7 3 1 32 11 46 
S.D. 5.3 2.4 2.1 17.9 6.1 22.0 
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Table 10: Habitat Type Proportions (%) - CHP 
 
 Habitat Type
Bear ID Developed Areas Grassland 
Open 
Water Forests 
Sand Pine 
Scrub Swamps 
8 4 1 ‒ 35 16 44 
9 10 2 ‒ 23 16 49 
10 4 ‒ ‒ 52 15 28 
11 11 2 1 17 5 64 
12 6 4 ‒ 34 19 37 
104A 11 1 5 13 1 69 
104B 7 3 ‒ 20 4 66 
108 1 3 ‒ 16 9 71 
205 3 10 ‒ 33 13 41 
206 3 1 ‒ 45 10 41 
211 3 4 ‒ 36 10 47 
224 1 7 ‒ 6 12 74 
226 4 5 ‒ 43 10 38 
232 3 3 ‒ 56 4 34 
234 5 7 ‒ 36 17 35 
246 4 9 ‒ 35 15 37 
248 3 2 ‒ 35 8 52 
B001 7 2 ‒ 53 15 23 
B013 9 2 ‒ 64 13 12 
F02 1 ‒ ‒ 3 ‒ 96 
F05 2 ‒ 1 ‒ ‒ 97 
Mean 5 4 ‒ 31 10 50 
S.D. 3.1 2.9 1.1 18.0 5.8 22.2 
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Table 11: Habitat Type Proportions (%) - KDE 
 
 Habitat Type
Bear ID Developed Areas Grassland 
Open 
Water Forests 
Sand Pine 
Scrub Swamps 
8 9 1 ‒ 34 16 40 
9 18 3 ‒ 23 17 39 
10 7 ‒ ‒ 49 18 26 
11 30 ‒ 2 8 1 59 
12 9 3 1 31 17 39 
104A 24 1 4 9 2 60 
104B 18 2 1 13 4 62 
108 9 2 ‒ 15 8 66 
205 3 8 ‒ 37 13 39 
206 4 1 ‒ 45 13 37 
211 3 3 ‒ 35 8 51 
224 2 9 ‒ 8 12 69 
226 4 6 ‒ 42 17 31 
232 3 3 ‒ 52 8 34 
234 5 6 ‒ 39 18 32 
246 4 7 ‒ 36 14 39 
248 3 1 ‒ 33 9 54 
B001 14 3 1 47 14 21 
B013 13 2 1 52 12 20 
F02 2 ‒ ‒ 3 ‒ 95 
F05 6 ‒ 1 ‒ ‒ 93 
Mean 9 3 1 29 10 48 
S.D. 7.8 2.7 1.0 16.9 6.2 20.8 
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Table 12: Habitat Type Proportions (%) - TGDE 
 
 Habitat Type
Bear ID Developed Areas Grassland 
Open 
Water Forests 
Sand Pine 
Scrub Swamps 
8 12 1 ‒ 32 16 39 
9 9 2 ‒ 25 18 44 
10 7 ‒ 1 50 20 22 
11 23 ‒ ‒ 15 4 58 
12 10 3 ‒ 36 19 32 
104A 17 1 3 9 2 68 
104B 26 1 3 12 2 56 
108 33 1 4 13 5 44 
205 3 3 ‒ 42 10 42 
206 4 5 ‒ 40 14 37 
211 3 4 ‒ 28 11 54 
224 3 8 ‒ 13 12 64 
226 5 3 ‒ 41 10 41 
232 5 5 ‒ 40 13 37 
234 7 5 ‒ 44 12 32 
246 6 5 ‒ 36 13 40 
248 3 3 ‒ 22 9 63 
B001 12 2 ‒ 48 14 24 
B013 6 2 ‒ 57 11 24 
F02 2 ‒ ‒ 4 ‒ 94 
F05 6 ‒ ‒ 1 ‒ 93 
Mean 10 3 ‒ 29 10 48 
S.D. 8.6 2.1 1.1 16.4 6.1 20.0 
 
For all individuals, each home range predicted most habitat use involved either Forests or 
Swamps, both habitats indicated by the literature as preferred by this species (Wooding and 
Hardisky 1994, Shaefer and Sargent 2001, Stratman et al 2001). For 18 individuals, the dominant 
habitat type was consistent over all home ranges, with only two showing dominance in three of 
the four techniques and one splitting the predicted uses evenly. For those with one home range 
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showing a different dominant habitat from the others, one individual (Bear ID = 12) showed a 
difference for the TGDE method whereas the other (Bear ID = 246) showed the difference for 
the MCP method (Table 13). Individuals in the areas of Chassahowitzka, Eglin AFB and South 
Florida showed consistent habitat dominance for all individuals for all home range techniques. 
The change in dominance for the Wekiva and Pinhook Swamp regions further illustrates the 
effect of home range size on habitat coverage. One example from each of these regions shows 
how the large MCP home range gives a different dominant habitat type from the other techniques 
whether by concentrating an already small home range into a more specific area (Figure 7), 
removing large areas of a sparse home range, or expanding a home range based on trajectory 
(Figure 8). 
 
Table 13: Dominant Predicted Habitat Use by Home Range 
 
 Home Range Technique 
Bear ID Region MCP CHP KDE TGDE 
8 Wekiva Swamps Swamps Swamps Swamps 
9 Wekiva Swamps Swamps Swamps Swamps 
10 Wekiva Forests Forests Forests Forests 
11 Wekiva Swamps Swamps Swamps Swamps 
12 Wekiva Swamps Swamps Swamps Forests 
104A Chassahowitzka Swamps Swamps Swamps Swamps 
104B Chassahowitzka Swamps Swamps Swamps Swamps 
108 Chassahowitzka Swamps Swamps Swamps Swamps 
205 Pinhook Swamp Forests Swamps Swamps Forests 
206 Pinhook Swamp Forests Forests Forests Forests 
211 Pinhook Swamp Swamps Swamps Swamps Swamps 
224 Pinhook Swamp Swamps Swamps Swamps Swamps 
226 Pinhook Swamp Forests Forests Forests Forests 
232 Pinhook Swamp Forests Forests Forests Forests 
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Table 13 (Continued) 
234 Pinhook Swamp Forests Forests Forests Forests 
246 Pinhook Swamp Forests Swamps Swamps Swamps 
248 Pinhook Swamp Swamps Swamps Swamps Swamps 
B001 Eglin AFB Forests Forests Forests Forests 
B013 Eglin AFB Forests Forests Forests Forests 
F02 South Florida Swamps Swamps Swamps Swamps 
F05 South Florida Swamps Swamps Swamps Swamps 
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Figure 7: Comparison of Habitat Coverage between Home Ranges in Wekiva Region 
Clockwise from upper left: Habitat Coverage for MCP, CHP, TGDE and KDE for Bear ID: 10, 
showing a concentration of the home range into a smaller area. 
 
Source: USDA Land Use Land Cover, 2011 
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Figure 8:  Comparison of Habitat Coverage between Home Ranges in Pinhook Swamp Region 
Clockwise from upper left: Habitat Coverage for MCP, CHP, TGDE and KDE for Bear ID: 246, 
showing removal of some areas of the sparse home range (CHP and KDE) and expansion of the 
home range based on trajectory (TGDE). 
 
Source: USDA Land Use Land Cover, 2011
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CHAPTER 6: 
DISCUSSION AND CONCLUSIONS 
 
 Home ranges have been used for a variety of purposes. This study focuses on their use in 
habitat use analysis. There are currently four home range estimators available for use in these 
studies. These home ranges do not claim to show where the animal has lived. Rather they are 
used to predict where the animal was likely to have traveled between the times at which the 
presence points were taken, giving an overall estimation of where the animal lived. The data set 
used for this study allows for a great deal of error between these points as the points were taken 
at daily intervals and, therefore, treated as being no less than 24 hours apart.  
 Of the four home range estimations studied, the CHP method produced the smallest home 
ranges with almost all individuals having their smallest home range using this method. Most of 
the largest home ranges were delineated using the TGDE method. The MCP and CHP methods 
delineate using the points themselves as vertices for the home range polygons. The CHP method 
excludes some areas and, therefore, produces smaller home ranges than the MCP. The KDE and 
TGDE methods predict movement past the points, with the TGDE method utilizing calculated 
velocities. Since the points were taken at such infrequent intervals, the TGDE method predicted 
movement farther out from the points than did the KDE, in most cases. 
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Analysis of Habitat Dominance within Home Ranges 
 The predominant habitat for all home ranges and for all individuals was found to be 
either Swamps or Forests. Both of these habitats were identified in the literature as those that 
were most visited by the Florida Black Bear species (Wooding and Hardisky 1994, Shaefer and 
Sargent 2001, Stratman et al 2001). Sand Pine Scrub was another habitat mentioned in the 
literature as a secondary habitat. This secondary habitat did occur in the home range, but in no 
instance was calculated as dominant over the other two habitat types. While Swamps was the 
habitat calculated as dominant in the majority of home ranges, it cannot be concluded that 
Swamps are more often visited by the species. The landscape of Florida changes from the 
northern to the more southern portions of the state (Figure 9). Additionally, the dominant habitat 
cover calculated by this study show that those home ranges with Forests as the dominant habitat 
were more in the northern portion of the state, with Swamps becoming more dominant to the 
south (Figure 10).  
 
Analysis of Statistics 
 ANOVA statistics indicated statistically significant differences between the CHP and the 
MCP and TGDE methods with regard to home range size and the areas of several habitat types. 
Additionally, significant differences in habitat proportion were found for Developed Areas 
between the CHP and KDE methods. The techniques themselves predict habitat use in very 
different ways. The MCP and the CHP are two home ranges that use the points themselves as 
vertices for the shape of the home range without predicting outside of these points. Of these two, 
the CHP is the most conservative as it allows for concavity and removes some areas covered by 
the MCP. The KDE and TGDE methods predict the animal to move outside of the area bound by  
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            Figure 9: Distribution of Land Cover throughout the State of Florida 
Source: USDA Land Use Land Cover, 2011 
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            Figure 10: Dominant Habitat Type by Location in Florida 
Points created from centroids of MCP home ranges 
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the points. With the points used in this study being taken days apart, the TGDE method had the 
potential to predict movement far from the point locations, making the KDE method more 
conservative in most cases. The results illustrated the conservative nature of the CHP methods by 
showing that the areas of Grassland, Forests and Sand Pine Scrub were smaller in home ranges 
estimated with the CHP method when compared to the TGDE method for almost every 
individual. The areas of Swamps within the CHP home ranges were consistently smaller than 
those of both the MCP and TGDE home ranges, with no consistency shown between MCP and 
TGDE. Additionally, the proportions of Developed Areas in CHP home ranges were less than 
those in the KDE home ranges. 
 
Prediction of Developed Area Use 
 While the ANOVA statistics only showed statistically significant differences in the 
proportion of Developed Areas between the CHP and KDE techniques, the KDE and TGDE 
methods predicted more use of Developed Areas than the other techniques, in most cases. As 
discussed earlier, both of these techniques predict use past the extents of the presence points. 
Therefore, these techniques are not bound simply by the physical location of the original data set. 
As a result, these techniques are the most likely to disregard physical boundaries that would keep 
the animal from passing into these developed areas, and would be expected to be the techniques 
most likely to overestimate use of Developed Areas.  
 While it is well known that black bears can venture into developed areas, especially for 
foraging on refuse in residential areas, preliminary reviews of the data indicated that few if any 
points actually occurred in these areas. Furthermore, for individuals occurring in natural areas 
with little to no buffer to the adjacent developed area, the location of the points indicated the 
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presence of a possible barrier, such as a wall or fence, preventing the individual from entering 
the developed area. Since the home range estimation techniques do not take such barriers into 
account, many of the developed areas enveloped by the home ranges could have been an 
erroneous prediction (Figure 11).  
 
           Figure 11: Dominant Habitat Type by Location in Florida 
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Conclusions 
 Through investigation of the research questions, this study has determined that: (1) the 
choice of home range estimator has an effect on the areas of the home ranges themselves and the 
main habitat types within them. Specifically, the CHP method was shown to estimate smaller 
areas than the TGDE for Grassland, Forests, Sand Pine Scrubs and Swamps, leaving only Open 
Water and Developed Areas unaffected by the home range estimation technique. (2) Differences 
in the proportion of habitat types within each home range were not significant for those same 
habitat types. Rather, the proportion of Developed Areas was the only statistically significant 
change, specifically between the CHP and KDE methods. However, the dominant habitat type 
was consistent between home range estimation techniques in most cases. In the few cases where 
the method of estimation did cause a difference, the dominant habitat was still either Forests or 
Swamps, both habitats shown in previous studies to be frequently visited by the species studied. 
Therefore, the choice of home range estimator had implications on the amount of certain habitats 
but not on which habitat was most frequently visited. 
  
Implications 
 The implications of this study are not necessarily that one certain approach has been 
shown to be preferable for this type of study. Rather, this study has shown that the method of 
home range estimation, when used to estimate the areas of habitat used by a species, may have 
an effect on the results, particularly between the CHP and TGDE methods. Furthermore, this 
study has shown that the proportion of certain secondary habitats can be significantly different 
for the CHP and KDE methods. Based on these findings, during future habitat studies related to 
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the areas and proportions of habitat within a home range, researchers should take into account 
how their choice of home range estimation may affect their results. 
 
 With the growing interest in conservation and global sustainability, the implications of 
this study could extend far beyond habitat studies alone. With the various home range estimators 
producing statistically significant differences in habitat area and proportion, it is possible that 
other aspects of a landscape which are quantified within a home range could also be affected. 
Furthermore, these other areas of scientific study could also benefit from carefully choosing a 
home range estimation technique based on the intended outcome. For example, if a home range 
study is to be performed that will determine the extent of land to be conserved for preservation of 
a species based on the predicted use of that species, it is important to determine a pertinent 
amount of land to be conserved without underestimating to the detriment of the species and 
without overestimating to an area that would not be feasible to preserve. 
 
Limitations 
 The Florida Black Bear was chosen for this study due to its conspicuous and terrestrial 
nature. However, a major limitation to this study was the large time gaps between the points. 
Even for those techniques that do not incorporate a time element, the large amount of time 
between points leaves a great deal of uncertainty as to where the animal might have gone during 
that time. While the home ranges themselves serve to predict these unknowns, the predictions 
could be more accurate with smaller time gaps between points, particularly for the TGDE 
method. 
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 The species chosen for this study has been shown to utilize two different habitats. No 
literature was found that specifically identified one or the other as favorable to the species. 
Furthermore, the predominance of these two habitats shifts from one part of the state to the other. 
A clearer answer as to whether the choice of home range affects the analysis of habitat use may 
have resulted if a species with one definitive habitat use was studied in an area with a more 
homogenous landscape. 
 Finally, the data chosen for this study spanned several years and came from several 
different sources. While this study included an investigation into the viability of the land use 
layer used, greater accuracy could have been obtained from a study involving point data and land 
use data collected during the same time period. 
 
Future Studies 
 In addition to revisiting this study with the changes suggested previously, a more in-depth 
investigation into the areas being studied could have a positive effect on the results. For example, 
after creating the home ranges and finding areas that seem like exaggerations, such as intrusion 
into a developed area with no presence points, the area could be visited to field-verify the 
presence or absence of any physical barriers. This information could be used to adjust the home 
ranges accordingly, or recalculate the home range after including certain additional criteria. 
Furthermore, with the different sized home ranges for the two sexes, and the apparent seasonal 
shift in habitat preferences, it may be beneficial in future habitat studies for this species to 
separate home ranges by season and analyze known males separately from known females. 
This study involved home ranges for one species in one state. A more thorough study 
might involve several different species with varying means of mobility such as flying or 
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swimming. These other species may also show patterns of seasonal migration that could have an 
effect on the results. Additionally, as Florida is a very flat state with limited variations in altitude 
and climate, choosing areas with different landscapes and with more variations in climate could 
help determine whether these factors affect the home range and, therefore, the analysis of habitat 
use. 
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